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In a previous paper on the topic (hereafter Paper 1),1 the authors presented an extended 
statistical analysis of several groups of megalithic tombs in the Iberian Peninsula and 
neighbouring regions. In recent years, orientation studies and its statistical approach 
have received considerable attention in archaeology as a source of information that 
may shed light on a number of issues related to landscape and territory ownership by 
past cultures.2 The megalithic tombs, including dolmens, tholoi or allées couvertes, 
are no exception. 
Paper 1 presented a ‘genetic’ approach to the data,3 where the dendrogram, 
along with the Principal Components Analysis, clearly demonstrated that there 
was a link between the geographic location of the clusters of megalithic tombs and 
Fig. 1. Dendrogram showing the cluster analysis output from the data of megalithic tombs of the Iberian 
Peninsula and beyond as defined in Paper 1, including the new data presented in this paper for 
the central Pyrenees (Huesca province, HSCA). The different groups are arranged according to 
a nearest neighbour algorithm. Notice how the new group finds its place within the appropriate 
cluster, even though its geographical location is not a feature of the analysis. This fact proves the 
robustness of the method. See the text for further discussion.
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their  respective orientation. The 27 neighbouring clusters of dolmens in the Iberian 
Peninsula tend to share orientation characteristics (see Figure 1). This result was 
true regardless of the type of dolmen and the epoch of construction, a fact which 
recalled a persistence of orientation custom and a necessary communication between 
neighbouring regions especially along river valleys or perhaps across mountain ranges 
such as the Pyrenees.
In Paper 1, we also suggested a way of testing our hypotheses further, by checking 
whether there could have been a connection across the central Pyrenees, linking the 
dolmens of Navarre in the west to Catalonia in the east. This research note  presents 
such a test for the hitherto unmeasured dolmens of the Pyrenees region of the province 
of Huesca where two dozen monuments had been reported.4 The dolmens in the area 
(see Figure 2) are of standard type and small dimensions, the body of the monument 
being enclosed in a tumulus or cairn of pebbles that have been preserved in several 
instances. These megalithic tombs have been dated to the third millennium b.c. and 
are thought to be the burial places of a community of shepherds moving across the 
Pyrenees and using the local grasslands during the hotter periods of the year. Of the 
nearly 30 monuments reported, about one-third were in a deplorable state of preserva-
Fig. 2. The dolmens of (a) Ibirque, a typical megalithic tomb of the area, located on top of a hill in Sierra 
de Guara, (b) Aguas Tortas, and (c) Lizara. The latter two are seen to be located in the breathtak-
ing alpine landscape of the Spanish central Pyrenees. The measurement of angular height and the 
correct knowledge of the surrounding horizon become crucial under these circumstances. Notice 
the well preserved tumulus in the case of Lizara. Images courtesy of Margarita Sanz de Lara.
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tion and measurements were impossible. Another half-dozen could not be measured 
because they were in mountainous areas and so inaccessible.  
Table 1 presents the data of the 15 dolmens (plus one) obtained in two campaigns 
in the summers of 2010 and 2011.6 This represents some three-quarters of the measur-
able structures and so is representative. Figure 3 shows the orientation diagram and 
the declination histogram of the data. High mountain peaks occupied wide areas of 
the horizon, and so it was crucial to take into account the angular heights and local 
topography. The value of this is shown in the declination histogram, where lunisolar 
orientations are dominant (~90% of the sample) despite the original dispersion of the 
azimuths as shown in the orientation diagram. This demonstrates the great superiority 
of in situ fieldwork over office software support tools in archaeoastronomical studies. 
The new dendrogram obtained after the inclusion of the data of the dolmens of 
the province of Huesca (HSCA) is to be seen in Figure 1. Our new set of data is 
located in the dendrogram within a cluster where groups of nearby regions such as 
north-central Spain (NORT, including the megalithic tombs of neighbouring Navarre) 
and Catalonia (BRNA, GRNA and PIRI) are included. The dolmens of Corsica and 
Sardinia are also found in this cluster but this is more probably a cultural convergence 
than a real relationship. 
In a general context, this result presents a consistent picture where orientation pat-
terns are defined by geographic proximity to another cluster with a given orientation 
pattern (but where, it must be remembered, geographic coordinates are not included as 
genetic markers in the analysis). This further indicates that the method is robust and 
the results meaningful. Consequently, the outcome of the test can be seen as pointing 
a way of the formulation of scientific hypotheses on the basis of orientation data.
Table 1. Data on the orientation of megalithic tombs (dolmens) in the province of Huesca ordered by 
longitude from west to east. The table lists the latitude and longitude, azimuth (a) from inside looking 
out, the angular height of the horizon (h) in that direction and the corresponding declination (d). Finally, 
a comment is added for Fitas 1 “allée couverte”, where another axis could be considered, and for the 
tumulus of Salto where a west orientation is also possible. These are not included in the analysis. 
Dolmen φ (º/´) N λ (º/´) a (º) h (º)   d
E
 (º) Comments
Campamento 42/50 0/50W 103 22     5¾
Camping de Oza 42/50 0/50W 161 12 −35¼
Fitas 1 42/51 0/40W 173 18½ −28½ ⊥83º/19º → 17¾º
Fitas 2 42/51 0/40W 120   9 −14¾
Salto 42/50 0/38W 105 25     6½ h
w
 3½º → 13½º
Aguas Tortas 42/50 0/38W 120   9 −15
Lizara 42/45 0/38W 100 16     3¾
Güixas 42/41 0/32W 165 16 −29¾
Diezcapanas 42/40 0/32W 135 26½   −9¾
Letranz 42/41 0731W 157 18 −25¾
Santa Helena 42/40 0/19W 113 17½   −4
Ibirque 42/19 0/16W   93   2   −0¾
Piedra del Vasar5 42/34 0/11E 110   6 −10½
Seira 42/28 0/25E   71 13   22½
Mas de Abad 42/06 0/27E 147½   0½ −38
Cabaneta do Forno 42/19 0/39E 116½   2 −17¾
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Fig. 3. Data on Spanish central Pyrenees dolmens: (a) orientation diagram of the data listed in Table 1 
(with SS and WS indicating summer and winter solstice, respectively, while SML stands for the 
southern major lunar standstill); and (b) declination histogram of the same data, showing the 
preferred directions with respect to a non-local coordinate system. Vertical solid lines indicate the 
winter (left) and summer solstice (right) positions reached by the sun, while dashed lines indicate 
the southern major lunar standstill (left) and northern major lunar standstill (right), which are the 
lunar extremes. The interval between these lines indicates orientations compatible with facing the 
rising of the sun or the moon, and this applies to nearly 90% of the dolmens in the sample. See 
the text for further details.
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JOHANNES KEPLER WORKING GROUP
The formation of this Working Group (JKWG) in 2009 under the auspices of the 
International Astronomical Union Commission 41 (History of Astronomy) was 
announced in our November 2011 issue. Its membership includes a wide range of 
Keplerian scholars. They are listed, and the aims of the Group are set out, on its 
website, whose address is www.iac.es/project/johanneskepler. 
International cooperation has been instigated with the result that a digitization 
programme for Johannes Kepler, Gesammelte Werke (Munich, 1937– ) is under way, 
and four volumes have already been completed (they happen to be KGW I, KGW 
II, KGW III, KGW XIX). As further volumes are prepared, they will be uploaded 
to the website www.kepler-kommission.de. Hence, this modern edition of Kepler’s 
Collected Works, published under the editorship of the Kepler Commission of the 
Bavarian Academy of Sciences, will become available to scholars worldwide over the 
next year or so. Meanwhile, the intention is that the JKWG website will eventually 
supply a source of reliable and up-to-date information about Kepler and his work 
for students at all levels.
ASTRONOMERS OF 1908 ONLINE
A remarkable piece of astronomical heritage has recently been made available online. 
It is a monumental Album Amicorum prepared for H. G. van de Sande Bakhuyzen. 
It was presented to him when he retired as professor of astronomy at Leiden Uni-
versity in 1908. The album contains almost 600 photos of scientists, observatories 
and telescopes from around the world. It provides a unique overview of the global 
astronomical community at the beginning of the twentieth century.
The album is one of the largest books in the Leiden University collections: each 
page measures 65 × 55cm. It is literally too large and heavy to handle, which has 
caused the cover to be damaged several times in the past. After an illuminated title 
page and a painting of Leiden Observatory by Bakhuyzen’s brother Julius, the album 
opens with a series of photos of Leiden Observatory and its staff. Leiden is followed 
by the other astronomical institutions of the Netherlands. The next pages show a 
large number of Dutch scientists and scholars, including well-known scientists such 
as Kapteyn, Lorentz and Kamerlingh Onnes. 
The next part of the album shows astronomical institutions from around the world, 
starting with Kazan in Russia. The pictures show buildings, telescopes and scientists 
from many nations, including most European countries but also South Africa, the 
United States, Mexico, Argentina, Australia and Japan. It features famous scientists 
such as Max Planck, George Ellery Hale and a young Arthur Eddington, but also 
many lesser known figures.   
The album was presented to Bakhuyzen by H. A. Lorentz, physics professor in 
Leiden, on 8 November 1908. For a long time it was preserved at Leiden Observa-
tory. In 2010 it was restored and transferred to the Leiden University Library, as part 
of the archives of Leiden Observatory. Due to its fragility, the original album is not 
available for viewing, unless with special permission. For that reason, it had been 
made available online. The complete album can be viewed at: www.strw.leidenuniv.
nl/album1908. Indices by institution and by surname are included. The online pres-
entation is the work of H. S. Giffard and D. M. Baneke. 
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